Introduction: Sepsis is a major health problem with high mortality rate, despite advanced medications. Although hypothalamic-pituitary-adrenal (HPA) axis activation can control its destructive inflammatory reactions, adrenal insufficiency (AI) is commonly associated with it. Mesenchymal Stem Cell-Derived Microvesicles (MSCs-MVs) were proved to be as effective as their origin cells in tissue repair. Aim of the work: To study the effects of Escherichia coli-lipopolysaccharides (E. coli-LPS) induced sepsis on Zona fasciculata of adult male albino rats and probable therapeutic effects of adipose derived mesenchymal stem cells-microvesicles (ADMSCs-MVs). Materials and Methods: Forty-four adult male albino rats were divided into three groups; (I) the controls, (II) LPS and (III) MV. Sepsis was induced in LPS and MV-groups using E. coli-LPS. Four hours later, MV-group received single intravenous (IV) injection of PKH26 labelled ADMSCs-MVs. All animals were sacrificed 48 hours after ADMSCs-MVs administration. Tumor necrosis factor-α (TNF-α), cyclo-oxygenase-2 (COX-2) and nitric oxide (NO) levels were measured in adrenal homogenates of each group. Sections from all groups were subjected to H&E, besides, immunohistochemical stains for CD44, inducible nitric oxide synthase (iNOS) and proliferating cell nuclear antigen (PCNA). Unstained sections of subgroup IC and MV-group were examined by fluorescent microscope. Mean number of CD44 and PCNA positive cells and mean area percent of iNOS immunoreaction were measured and data were statistically analyzed. Results: LPS-group showed non-survivors (24 hours after LPS-injection) and survivors with features of Zona fasciculata inflammatory damage, besides increased TNF-α and NO and decreased COX-2. The MV-group revealed marked increase in CD44 and PCNA, but significant decrease in iNOS immunoreactions. Additionally, ADMSCs-MV homing was detected in Zona fasciculata. Conclusion: LPS-induced sepsis caused marked Zona fasciculata inflammatory degeneration improved by ADMSCs-MVs single IV injection; mostly through transfer of proteins, mRNA, microRNA and/or organelles with reparative functions from ADMSCs to the injured tissues.
INTRODUCTION
Sepsis is a worldwide health problem associate with increased mortality specially in the intensive care unit even with the use of advanced medications [1, 2] . The mortality rate from sepsis was reported to increase from 25% to 70% when it is complicated by multi-organ failure and septic shock [3] .
Sepsis is characterized by irresistible inflammatory response to infections which could not be controlled by the body [4] . Thus, it results into induction of stress response through activation of hypothalamic-pituitary-adrenal axis (HPA axis). Such stimulation of the suprarenal cortex, especially the Zona fasciculata, leads to secretion of large amount of cortisol with its anti-inflammatory, immunomodulatory and homeostatic effects [5] . So, intact stress and suprarenal responses are essentials to survive sepsis [6] .
This HPA axis is commonly affected in sepsis, resulting in AI that is characterized by low cortisol production either directly or indirectly through adrenocortical hyporesponsiveness to pituitary ACTH stimulation [7] . Such low cortisol level increases the vasopressors need and the mortality rate due to its progression to septic shock and multi-organ failure [8] .
The newest international guidelines for managing severe sepsis suggested the use of cortisone, especially in patients with poor response to fluid restoration and vasopressors. However, the corticosteroid supplementation is markedly restricted by the unpleasant effects of cortisol such as insulin resistance, suppression of immune response and protein catabolism [9] . Therefore, a new efficient and unharmed management for adrenal insufficiency in septic patients is needed.
Microvesicles (MVs) are 50 nm to 1 μm non-nucleated membrane bound fragments, released as exosomes from the endosomal system or discarded from surface membrane of multiple cell types. They are spheroid particles enclosing proteins, lipids, organelles, mRNAs and microRNAs similar to the cells from which they are derived [10, 11] .
Mesenchymal stem cells' MVs were evidenced to be as effectual as the cells themselves in restoring injured tissues. They home in the site of lesion then, they are engulfed by the injured cells via receptor-mediated endocytosis [1, 12, 13] transferring the stem cells' cellular contents (proteins, lipids, organelles, mRNAs and microRNAs) to these cells [11, 14] .
This study aimed to investigate the effect of sepsis induced by E. coli-LPS on the adrenal cortex' Zona fasciculata in adult male albino rats and the probable therapeutic effect of ADMSCs-MVs.
MATERIALS AND METHODS

Animals
Forty-four adult male albino rats, weighed 200 -250g, were used in this study. They were housed in the Animal House, Faculty of Medicine, Cairo University. The rats were treated according to the guidelines approved by the Animal Use Committee of Cairo University. Rats were provided with ordinary rat chow, bred and housed in wire mesh cages at temperature (24 ± 1°C), with normal light/dark cycle. All animals were kept under the same environmental conditions and had free access to water and food.
Chemicals
-Lipopolysaccharide (LPS) extracted from the membrane of E. coli (coli 0127: B8, L3129) was purchased from Sigma-Aldrich, St Louis MO 63103, USA. It was dissolved in sterile pyrogen-free saline immediately before its use. Citrate buffer (cat no AP 9003), Ultravision detection system (biotin-streptavidin detection system, cat no TP -015-HD) and Mayer's hematoxylin (cat no TA-060-MH). All were purchased from Labvision Thermoscientific, USA.
Preparation of PKH26 labelled ADMSCs-MVs
Allogenic PKH26 labelled rat ADMSCs-MVs were purchased from stem cell research unit at the Biochemistry Department, Faculty of Medicine, Cairo University, where they were prepared according to previously described methodology [15, 16] .
Experimental design:
Forty-four adult male albino rats were divided into three groups:
Control group (group І, 12 rats): They were subdivided into three subgroups (4 rats each):
Subgroup IA: rats had free access to water and food without receiving any treatment.
Subgroup IB: animals were given single intravenous (IV) injection of 1 ml saline via the tail vein.
Subgroup IC: the rats were treated as in subgroup IB. Four hours later, they were given single IV injection of 90μl PKH26 labelled ADMSCs-MVs dissolved in 1 ml phosphate buffered saline (PBS).
LPS-group (group ІI, 20 rats): Sepsis is induced in the animals of this group using LPS extracted from E. coli.
MV-group (group ІII, 12 rats): Four hours after induction of sepsis as in group II, the rats of this group received single IV injection of 90μl of PKH26 labelled ADMSCs-MVs dissolved in 1 ml PBS via tail vein [14] .
Experimental procedure:
1-Induction of sepsis:
Animals were given a single IV injection of 10 mg/ kg of LPS dissolved in 1 ml sterile saline via the tail vein, immediately after its preparation in Biochemistry Department, Faculty of Medicine, Cairo University [17] .
The animals of the three groups were sacrificed 48 hours after IV administration of ADMSCs-MVs. Just before scarification the animals were anesthetized with intraperitoneal injection of ketamine (90 mg/kg)/xylazine (15 mg/kg) [18] . Both suprarenal glands of each rat were dissected.
2-Biochemical investigation:
Both adrenals of two rats from each control subgroup and six rats from each experimental group were used for the biochemical analysis. The adrenal gland was separated from the surrounding adipose tissue, kept in micro-tube and homogenized. Enzyme-linked immunosorbent assay (ELISA) kits were used to measure TNF-α (rat TNF alpha ELISA Kit, ab46070, abcam, Cambridge, UK), COX-2 (anti-COX2 antibody, ab52237, abcam, Cambridge, UK) and NO (total nitric oxide and nitrate/nitrite parameter assay kit, SKGE001, R and D, Abingdon, UK). These parameters were measured in the supernatant of the centrifuged homogenates of each group at Biochemistry Department, Faculty of Medicine, Cairo University according to the manufacturer's instructions.
3-Light microscopic studies:
The suprarenal glands of the remaining rats of each control subgroup and experimental group were fixed in 10% formol saline and kept for 24 hours then processed to obtain Paraffin blocks. Paraffin sections 6 micrometres thick were cut and stained by: -Hematoxylin and Eosin stains (H&E) [19] .
-Immunohistochemical staining for: CD44, a marker for endogenous and exogenous mesenchymal stem cells and the microvesicles derived from them.
-iNOS, a marker for inflammation-induced nitric oxide synthesis.
-PCNA, marker for cell proliferation.
Immunostaining required pretreatment [20] , this was done by boiling for 10 minutes in 10Mm, pH 6 citrate buffer for antigen retrieval and leaving the sections to cool in room temperature for 20 minutes. Then, the sections were incubated for one hour with the primary antibodies. Immunostaining was completed by the use of Ultravision detection system and counterstaining was done using Mayer's hematoxylin.
4-Fluorescent microscopic study:
Unstained sections of Paraffin blocks of subgroup IC and group III were examined by fluorescent microscope to detect homing of PKH26 labelled ADMSCs-MVs.
5-Morphometric study:
It included measuring of: -Mean number of CD44 immuno-positive cells in the zona fasciculata in CD44 immunostained sections at a magnification of ×200.
-Mean area percent of iNOS immuno-expression in iNOS immunostained sections at a magnification of ×400.
-Mean number of PCNA positive cells in PCNA immunostained sections at a magnification of ×400.
All measurements were done in 10 non overlapping fields from different sections of each control subgroup and each experimental group. Image analysis was done using Leica microsystems LTD (DFC 295) software image analysis computer system (Germany) in Dentistry Research And Equipment Unit, Faculty of Dentistry, Cairo University.
6-Statistical analysis
The morphometric and biochemical measurements were expressed as mean ± standard deviation (SD) and were analyzed statistically using the software "Statistics for windows SPSS" version 16. This was done using oneway analysis of variance ANOVA followed by "Tuckey" post hoc test. Results were considered significant when P value was < 0.05 [21] .
RESULTS
A) General observation:
Death of four rats in group II was detected 24 hours after LPS administration.
All control subgroups revealed similar biochemical and histological results. Thus, they were collectively referred to as control group (group I).
B) Biochemical results and statistical analysis (Table 1):
The mean values of TNF-α and NO were significantly increased in LPS-group (group II) versus groups I and III and non-significantly increased in group III compared to group I.
Moreover, there was significant increase in the mean value of COX-2 in MV-group (group III) compared to control and LPS-groups, besides non-significant increase in LPS-group than control group.
C) Histological results:
1-Fluorescent microscopic results:
Sections of the control subgroup IC showed absence of PKH26 labelled ADMSCs-MVs (Fig. 1a) , while sections of MV-group revealed presence of these labelled MVs in the zona fasciculata (Fig. 1b) .
2-Light microscopic results:
• H&E stained sections:
Sections of the control group revealed normal histological structure of the suprarenal gland. It was formed of cortex and medulla and surrounded by connective tissue capsule. The sections showed that the adrenal cortex was composed of 3 zones: zona glomerulosa (outermost zone), zona fasciculata (middle zone) and zona reticularis (innermost zone). The zona fasciculata represented about 70% of the suprarenal cortex and consisted of rows of polyhedral cells (spongiocytes) separated by blood capillaries. These cells appeared with acidophilic vacuolated cytoplasm and central rounded vesicular nuclei and some of these cells were binucleated (Figs. 2a and 2b).
LPS-group's sections showed disorganization and marked vacuolations of the cells of zona fasciculata. The majority of these cells appeared with shrunken dark nuclei. Additionally, mononuclear infiltration including macrophages, haemorrhage and blood capillaries dilatation with disrupted basement membranes were noticed (Figs. 2c and 2d).
Sections of MV-group appeared with almost normal histological appearance except for the presence of few cytoplasmic vacuolations, dark nuclei and slight capillary dilatation (Fig. 2e ).
• Immunohistochemical results: i) Immunohistochemical staining for CD44:
In sections of group I, positive CD44 immunoreaction was shown in the cytoplasm of some of the adrenal medulla cells however, the steroidogenic cells of zona fasciculata showed no immunoreaction (Figs. 3a-3c). In group II, few CD44 immunoreaction was detected in the zona fasciculata (Fig. 3d) while, in group III multiple cells in the zona fasciculata appeared with positive cytoplasmic reaction (Fig. 3e) .
ii) Immunohistochemical staining for PCNA:
PCNA immunoreactivity was noticed in very few nuclei of zona fasciculata in the control group ( fig. 4a ), however sections of LPS-group showed some cells with positive nuclear immunoreaction (Fig. 4b) . The majority of the zona fasciculata cells of MV-group revealed positive nuclear immunoreaction in their nuclei (Fig. 4c ).
iii) Immunohistochemical staining for iNOS:
No positive immunoreaction was detected in the sections of the control group (Fig. 5a ). In LPS-group sections, multiple positive cytoplasmic immunoreactivity was distinguished in the endothelial and the inflammatory cells and not in the spongiocytes (Fig. 5b) . However, in sections of MV-group very few endothelial cells showed weak positive immunoreaction (Fig. 5c ).
3-Morphometric results (Table 2):
i) Mean number of CD44 immuno-positive cells in zona fasciculata:
It showed significant increase in group III versus group II.
ii) Mean number of PCNA immune-positive nuclei:
Group III demonstrated significant increase when compared to group II that revealed significant increase than group I.
iii) Mean area percent of iNOS immuno-positive cells:
There was significant decrease in iNOS mean area percent in MV-group compared to LPS-group. [Anti-CD44 Immunostaining, x100 (a), x200 (b and c) and x400 (d and e)] [Anti-iNOS Immunostaining, x400]
DISCUSSION
Sepsis is a major global health problem with high mortality rate (up to 25%) that was reported to increase to 70% when sepsis is complicated by septic shock and multiorgan failure [2] .
Although the devastating inflammatory reaction accompanying sepsis could be controlled by the release of cortisol (via HPA axis) with its anti-inflammatory and immunomodulatory effects [5] , adrenal insufficiency with low cortisol secretion was stated to occur with septicemia and septic shock [7] .
Being the main source of cortisol in the body and the most vulnerable zone of the adrenal glands to be affected by sepsis, Zona fasciculata was chosen for this work [22, 23] .
Moreover, ADMSCs-MVs were preferred for this study rather than ADMSCs themselves although; they have equal reparative effects [1] to avoid its unpleasant effects. Whereas, the mesenchymal stem cells may undergo maldifferentiation and tumor formation [24] . In addition, there was an evidence for induction of host immune response to mesenchymal stem cells with limitation of their therapeutic effects, especially in cases of inflammation, due to their expression of MHC-II evoked by the release of inflammatory cytokines [25] .
In the present study, single intravenous injection of LPS extracted from E. coli induced inflammatory cell infiltration including macrophages in the Zona fasciculata of the suprarenal cortex. This finding is concomitant with that sepsis is an irresistible inflammatory response characterized by leukocytic infiltration in different organs [4] especially, the adrenal glands [1, 22] .
Additionally, there was significant increase in mean value of TNF-α (a pro-inflammatory cytokine) in the suprarenal homogenates of LPS-group of this work versus the control group. Alike, there was increase in the adrenal glands' levels of cytokines [interleukin-6 (IL-6), interleukin-1β (IL-1ß) and TNF-α] and chemokines [C-X-C motif ligand 2 (CXCL2) and C-C motif ligand 2 (CCL2)] following septicemia induced by cecal ligation and puncture surgery [1] .
Based on that, these chemokines and cytokines were proved to be secreted by the infiltrated immune cells, not by the cells of the suprarenal glands [26] . Such chemokines are able to increase the leukocytic infiltration [27] . It could be assumed that the immune cell infiltration might be responsible for an exaggerated adrenal inflammatory response in cases of sepsis.
Histological examination of LPS group (group II) of the present study revealed massive cytoplasmic vacuolations in the Zona fasciculata cells. Such finding is consistent with that formerly reported following acute toxicity [23] . These vacuolations might be related to the inflammatory infiltration where it was documented that neutrophils produce neutrophil nicotinamide adenine dinucleotide phosphate (NADPH)-oxidase just after activation and trans-endothelial migration. It, consequently, acts on membranous and cytoplasmic compounds forming superoxide anions (O2-) and other reactive oxygen species (ROS) [28] . This leads to oxidative stress (OS) due to imbalance between pro-oxidants and anti-oxidants. Moreover, the adrenal steroid synthesizing cells are more susceptible to OS than other cells. These cells use large amount of oxygen in the oxidative reactions, not only for mitochondrial respiration to produce energy but also for steroid synthesis, generating a lot of ROS [29] .
In addition, the suprarenal cortical cells have large amount of unsaturated fatty acids in their membranes which could be peroxidized in OS resulting into damage of the cell membranes [30, 31] . This lipid peroxidation was reported before [22] through documentation of high level of malondialdehyde (MDA) in LPS-treated mice. Such membranous damage could lead to mitochondrial and smooth endoplasmic reticulum (sER) degeneration and swelling [23] that could be manifested by the cytoplasmic vacuolations as detected in the present study.
Another explanation for such cytoplasmic vacuolations was based on that mitochondrial and sER damage were evidenced to be followed by diminished steroidogenesis [23] as they perform crucial roles in glucocorticoid synthesis [32] . This in turn increased the lipid droplets (the steroid precursors) that might coalesce together forming large cytoplasmic vacuolations [33] .
The blood capillaries in LPS-group of this work showed dilatation and disruption of the basement membrane continuity with extravasated blood and heamorrhage. These findings come in line with those previously stated following toxic injury to the lung [34] , the liver [35] , the kidney [36] , the brain [37] and the adrenal cortex [22, 38] . Such endothelial damage was suggested to be due to OS mediated by ROS.
The damaged endothelial cells together with macrophages of the inflammatory infiltration were evidenced to produce iNOS in suprarenal gland during sepsis. This iNOS was documented not to be secreted by the adrenal cortical cells in in vivo study and in culture treated with LPS [38] . Such finding was enforced by the positive iNOS immunoreaction in both inflammatory and endothelial cells and its negative expression in spongiocytes of group II.
Expression of iNOS during inflammation is followed by overproduction of nitric oxide (NO) which is normally produced from the other isoforms of NOS [neural (nNOS) and endothelial (eNOS)]
[39] . In adrenal cortex the normal level of NO was documented to be due to eNOS produced by its cells [40] . This could be supported in the present study by the presence of a basal level of NO in the control group despite the negative iNOS immunoreaction and its significant increase in LPS-group versus control.
Bearing in mind that eNOS production in adrenal cortex is markedly reduced 3 hours after LPS treatment [38, 40] , besides the high vascularity of Zona fasciculata. Thus, the significant increase in NO level in LPS-group versus control group in this work could be contributed to the marked production of iNOS by the damaged endothelial and the infiltrated inflammatory cells.
The excess NO was shown to react with O2-forming peroxynitrate (ONOO-) and other reactive nitrogen species (RNS) [41] . Such reaction is initiated by nitrotyrosine (peroxynitrate biomarker in adrenal glands) produced during endotoxemia [22] . This reaction was documented to be followed by massive oxidative/nitrative stress with subsequent mitochondrial damage [38] , adrenal cellular death and reduced steroidogenesis [42] in addition to more endothelial damage and heamorrhage [1] .
Death of the adrenal cortical cells during sepsis was reported to be caused by apoptosis [26] . This observation was supported in group II of the current study by the presence of shrunken dark nuclei. It could be explained by the severe oxidative and nitrative stress that could oxidize proteins, lipids, DNA and RNA and induce nitrative protein alterations [41] .
Severe inflammatory degeneration of the Zona fasciculata cells and reduction of steroidogenesis were suggested to significantly decrease cortisol secretion from these cells [1] . Cortisol can modify the metabolism and increase the blood sugar level providing energy for the body in addition to its suppressive effect on the activated immune system and supportive effect on the circulatory system [43] . So, low basal cortisol level with loss of its supportive functions and high level of NO (a potent vasodilator) with its marked hypotension and homeostatic instability [44] could result in exaggeration of sepsis.
Such sepsis exaggeration might progress to multi-organ failure and septic shock with increased mortality rate, up to 70% [2] . This striking deterioration was presumed to be the cause of deaths occurred in this study one day following LPS administration. Such assumption was similarly demonstrated before, where massive inflammatory infiltration, heamorrhage and markedly increased proinflammatory cytokines (IL-6, IL-1ß and TNF-α) were detected in the adrenals of the dead mice 24 and 48 hours after cecal ligation and puncture surgery [1] .
MV-group of the present work showed that single IV injection of ADMSCs-MVs led to almost normal histological appearance of Zona fasciculata. This curative effect of stem cell-MVs was formerly described in other organs' lesions such as Escherichia coli-induced acute lung injury [14] , acute kidney injury [45] and partial hepatectomy [46] . They also adjusted neurogenesis and angiogenesis in ischemic stroke [47] , kept the endothelial cells against hypoxic injury [48] and avoided pulmonary hypertension induced by hypoxia [49] .
MVs effects described in this study could be explained based on that they are liberated from almost all cells (resting and activated) and they have the same effects as the cells from which they originate [30] . Thus, ADMSCsMVs have the same surface antigens characteristics of ADMSCs [50] and can transfer proteins, lipids, mRNA, microRNA, and/or organelles with reparative functions from the stem cells to the injured cells [51] . Additionally, the therapeutic paracrine effects of mesenchymal stem cells were proved to be due to the liberated MVs, not due to the secreted trophic factors. This was evidenced by absence of the therapeutic influences of the stem cells media after removal of the MVs [49] . Further support to this proof was stated by other authors where they discovered that the therapeutic effect of the stem cells supernatant caused by particles more than 100 kDa (the exosomes released by the stem cells) and not due to stem cells trophic factors which are less than 100 kDa [16] .
Accordingly, the demonstrated homing of the PKH26 labelled ADMSCs-MVs to the zona fasciculata in MVgroup and their absence in the control subgroup IC could be enlightened. This finding is similarly reported in former studies where MVs originating from stem cells were detected in the acutely injured kidney [13] and lung [11] .
Such ADMSCs-MVs homing, similar to that of mesenchymal stem cells, was evidenced to be due to CD44 receptors expressed on MVs surface. The MVs uptake, internalization and effects are initiated by binding of these receptors to L-selectin and osteopontin ligands overexpressed on the injured cells. So, pretreatment of MVs with CD44 blocking antibody led to loss of their curative effects [14] . This binding is followed by endocytosis or membrane fusion to incorporate the MVs into the injured cells to start their therapeutic actions [52] . Based on that, the significant increase in the mean number of CD44 immunopositive cells detected in MV-group versus LPS-group could be assumed to be due to homing and internalization of the injected ADMSCs-MVs.
Interestingly, CD44 positive immunoreactivity was widely spread in the adrenal medulla cells in the control group of this work and completely absent in the cells of the adrenal cortex. This finding is concomitant with that previously reported [53] where it was explained by that CD44 is expressed by cells of neural crest origin. Furthermore, the adrenal medulla originates from neuroectoderm while, the adrenal cortex is mesodermal in origin. However, the demonstrated few CD44 positive cells in LPS-group was presumably due to homing of the endogenous adrenal stem cells to the site of lesion in a trial to preserve the lesioned cells.
Stem cell-MVs were proved to downregulate chemokine (C-X3-C motif) ligand 1 (CX3CL1) protein, a potent chemo-attractant factor for macrophages, present on the endothelial cells in cases of renal ischemic-reperfusion injury. Therefore, stem cell-MVs could decrease monocytes transmigration across the endothelium [15] . Similar MVs effect was presumed to happen in MV-group of this work explaining the absence of the inflammatory infiltration in this group.
Additionally, stem cell-MVs were shown to reprogram monocytes/macrophage system from M1 (proinflammatory phenotype) to M2 (anti-inflammatory phenotype) [54] . This occurred through transfer of mRNA of COX-2 (the main enzyme in PGE2 synthesis) from MVs to monocytes increasing prostaglandin E2 (PGE2) level [55] . The increased PGE2 acts on EP2 and EP4 (PGE2 receptors) present on monocytes and macrophages, increasing their production of anti-inflammatory cytokines such as interleukin-10 (IL-10) [56] . Such immunomodulatory reprogramming was supported in the current study by the significant increase in the mean COX-2 level in group III compared to group II which showed non-significant increase than group I. Moreover, in MV-group, there was significant decrease in TNF-α and NO levels and the mean area percent of iNOS (M1, pro-inflammatory marker) versus LPS-group and non-significant increase of TNF-α and NO levels versus control group.
In addition, ADMSCs-MVs were reported to decrease the release of ROS from the activated neutrophils [16] . Consequently, the oxidative/nitrative stress was suggested to be lowered with reduction of mitochondrial and sER damage and apoptotic cell death [45] . This suggestion was reinforced in this work by the presence of very few cytoplasmic vacuolations, pyknotic nuclei and weak positive iNOS immunoreaction in few endothelial cells.
Furthermore, MV-group showed significant increase in the mean number of PCNA immune-positive cells versus LPS-group. This could be elucidated by the ability of stem cell-MVs to increase the proliferative capacity and the apoptotic resistance of the remaining mature cells [57] through transfer of their high contents of proliferation genes and proteins [58] . In addition, they could reestablish the ATP level and the metabolic activities in the injured cells [14] through transmission of the metabolic principle enzymes [59] and mRNA for mitochondrial genes [60] or even via transfer of the mitochondria themselves [61] .
Depending on that explanation, PCNA positive nuclei in LPS-group was suggested to be due to endogenous stem cell-MVs.
CONCLUSION
LPS-induced sepsis resulted in marked inflammatory degeneration of adrenal gland Zona fasciculata which might be followed by reduction of cortisol production with subsequent progression to septic shock and multi-organ failure. These degenerative changes could be improved by single IV injection of ADMSCs-MVs, mostly through their ability to transfer proteins, mRNA, microRNA and/or organelles with reparative functions from the stem cells to the injured tissues upon their direct contact. 
